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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a laminated piezoelectric 
actuator having response consisting with reliability. 

SOLUTION: The laminated piezoelectric actuator element 1 comprises 
a piezoelectric ceramic 2 laminated and sintered by an internal 
electrode 3 composed of a silver palladium alloy material alloyed 
with 70 to 50 weight % of silver and 30 to 50 weight % of palladium 
doped with the ceramic material for piezoelectric effect in a range 
of 2 to 12 weight % of the total weight of the silver palladium alloy 
material and the ceramic material for piezoelectric effect, a close 
characteristic of shrinkage of the internal electrode 3 and the 
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piezoelectric ceramic 2 makes it possible to avoid an interfacial 
separation, and an adequate resistance of the internal electrode 3 
secures the responsiveness of the piezoelectric element 1. 
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NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a new laminating mold electrostrictive actuator. 
[0002] 

[Description of the Prior Art] About the electrostrictive actuator of the conventional technique, there is 
a technique indicated by JP,62-165380,A, the JP,2-94484,A number official report, etc., The 
technique using a silver-palladium alloy as internal electrode material is indicated. The configuration 
of this electrostrictive actuator is explained with reference to drawing 3 and drawing 4 which show 
that external view. As shown in drawing 3 , both blocks in the middle of production of the laminating 
mold electrostrictive actuator 1 consist of a sheet configuration, and the laminating of them is carried 
out by turns, and they consist of layered products of the electrostrictive ceramics 2 and the internal 
electrode 3 by which sintering unification was carried out. And while the pre-insulation object 4 with 
which this internal electrode 3 is insulated to place further shifts in the direction of a laminating by 
both the laminatings end face and is prepared in the laminating end face of the pair in the opposite 
location of this layered product in the form for un-, the external electrode 5 of an internal electrode 3 
connected for placing further is formed on the pre-insulation object 4, lead wire 6 is connected to the 
external electrode 5, and the laminating mold electrostrictive actuator as shown in d ra wing 4 is 
constituted. 

[0003] The production of the laminating mold electrostrictive actuator 1 of the above-mentioned 
configuration is as follows. A layered product is formed for the internal electrode which applied and 
printed the internal electrode paste and formed it in the green sheet front face which consists of 
ceramic material for piezo-electricity in piles. Next, in order to remove the binder contained in a green 
sheet or an internal electrode, debinder processing of this layered product is carried out, and it sinters 
after that, and a layered product is created. Furthermore, the pre-insulation object 4, the external 
electrode 5, and lead wire 6 are formed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, there was a problem in the electrostrictive 
actuator of the above-mentioned conventional technique about the point that the effluent which 
consists of **** palladium oozes out, and the point which an internal electrode paste dissolves at the 
sintering temperature of a ceramic from the front face of the layered product after sintering. 
[0005] On the other hand, when a finished product is further repeated [ which exfoliation produces 
from a contraction property difference in the interface of a green sheet and an internal electrode, or a 
crack generates in a layered product ] under a severe environment and it is used at the above- 
mentioned debinder processing or a sintering process, there is a problem of interfacial peeling 
occurring. Then, according to the technique of the electrostrictive actuator currently indicated by JP.2- 
164085, A, the intersystole layer of a ceramic admixture was prepared between the green sheet and 
the internal electrode, the contraction property difference was contracted, exfoliation and the crack of 
an interface are prevented, but there is a point that it cannot respond to the needs as which the latest 
electrostrictive actuator is demanded in this conventional technique in which the intersystole layer 
was prepared. That is, when the intersystole layer was prepared, the strain property of not only the 
increment in components mark or a manufacture man day but the original direction of a laminating 
worsened, and the problem was in the application as a laminating mold electrostrictive actuator. 
[0006] Therefore, the purpose of this invention is for there to be neither elution of **** palladium nor 



the dissolution of an internal electrode paste, and offer a laminating mold electrostrictive actuator with 
high productivity and product reliability. Moreover, other purposes of this invention are to offer the 
laminating mold electrostrictive actuator with which the engine performance and dependability of 
preventing exfoliation etc. are compatible, securing a strain property. 
[0007] 

[Means for Solving the Problem] The description of the laminating mold electrostrictive actuator by 
this invention which attains the above-mentioned purpose is the laminating mold electrostrictive 
actuator which carried out the laminating of the green sheet which uses the ceramic material for 
piezo-electricity as a principal component, and the internal electrode which uses a silver palladium 
alloy as a principal component by turns, and sintered it, and the presentation of said internal 
electrode, It is in the place in the range of silver 70-50 (% of the weight) and palladium 30-50 (% of 
the weight). 

[0008] Moreover, the green sheet with which other descriptions use the ceramic material for piezo- 
electricity as a principal component, It is the laminating mold electrostrictive actuator which carried 
out the laminating of the internal electrode which uses a silver palladium alloy as a principal 
component by turns, and sintered it. Said internal electrode Said ceramic material for piezo-electricity 
is added to said silver palladium alloy. The presentation It is in the point of having said silver 
palladium alloy in the range of silver 70-50 (% of the weight) and palladium 30-50 (% of the weight), 
and said ceramic material for piezo-electricity which is in the range of 2-12 (% of the weight) to a total 
amount. 

[0009] According to this invention, the elution of **** palladium and the dissolution of a paste are 
avoided by holding down the loadings of palladium to the range of 30-50 (% of the weight). Moreover, 
2-12 (% of the weight) addition of the ceramic material for piezo-electricity is carried out, a contraction 
property difference with a green sheet is contracted to the internal electrode itself, and exfoliation etc. 
is canceled to it, and there is no intersystole layer in it, and the strain property per dimension of the 
direction of a laminating is secured to it. 
[0010] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. Drawing 1 is the sectional view showing the laminating mold electrostrictive 
actuator of one example by this invention. In drawing, the laminating mold electrostrictive actuator 
(the following, piezoelectric device) 1 consists of the piezo-electric ceramic 2, an internal electrode 3, 
a pre-insulation object 4 of a both-sides edge, an external electrode 5 of a both-sides edge, and lead 
wire 6 of a both-sides edge. That is, both the piezoelectric devices 1 consist of a sheet configuration 
in the middle of production, and a laminating is carried out by turns, and they consist of layered 
products of the electrostrictive ceramics 2 and internal electrode 3 by which afterbaking join 
unification was carried out. And while the pre-insulation object 4 with which this internal electrode 3 is 
insulated to place further shifts in the direction of a laminating by both the laminatings end face and is 
prepared in the laminating end face of the pair in the opposite location of this layered product in the 
form for un- The external electrode 5 of an internal electrode 3 connected for placing further is formed 
on the pre-insulation object 4, lead wire 6 is connected to the external electrode 5 with solder 7, and 
the laminating mold electrostrictive actuator as shown in drawing is constituted. 
[0011] Electrostrictive ceramics 2 will expand and contract in the direction of a laminating, namely, if 
actuation of the piezoelectric device 1 of the above-mentioned configuration impresses an electrical 
potential difference among both the lead wire 6, electric field are built over the electrostrictive 
ceramics 2 between a pair each of internal electrodes 3, and it will produce a strain in the direction of 
a laminating. And the elution of **** palladium and the dissolution of a paste may be prevented as the 
first matter required of the above-mentioned piezoelectric device. Furthermore, the engine 
performance required of the piezoelectric device as the second matter and especially the strain 
property required of a laminating mold electrostrictive actuator have the strain of per dimension of the 
direction of a laminating in a large thing. If it puts in another way, it can be said that it is important to 
acquire the strain of the big direction of a laminating, stopping the direction dimension of a laminating 
as much as possible. 

[0012] The configuration by which it is characterized [ of the laminating mold electrostrictive actuator 
of this example which can meet the above-mentioned demand ] is the laminating mold electrostrictive 
actuator which carried out the laminating of the green sheet which uses the ceramic material for 
piezo-electricity as a principal component, and the internal electrode which uses a silver palladium 



alloy as a principal component by turns, and sintered it, The presentation of an internal electrode It is 
in the place in the range of silver 70 - 50(% of the weight)-palladium 30-50 (% of the weight), namely, 
It is in the place which avoided the elution of **** palladium, and the dissolution of an internal 
electrode paste by holding down the loadings of palladium to the range of 30-50 (% of the weight). 
[0013] Moreover, the internal electrode which the configuration by which it is characterized [ other ] is 
sintered and forms an internal electrode 3 adds the ceramic material for piezo-electricity to a silver 
palladium alloy, and this presentation has a silver palladium alloy in the range of silver 70 - 50(% of 
the weight)-palladium 30-50 (% of the weight), and the ceramic material for piezo-electricity which is 
in the range of 2-1 2 (% of the weight) to a total amount. 

[0014] namely, the thing to consider as the configuration which carries out 2-12 (% of the weight) 
addition of the ceramic material for piezo-electricity at the internal electrode itself, and does not 
prepare the above-mentioned intersystole layer - (1) The contraction property difference of an 
internal electrode and a green sheet is contracted, and problems, such as exfoliation, are solved. (2) 
Lead to the strain of the direction of a laminating equivalent to the conventional technique being 
securable, only a part without ** intersystole layer to be able to acquire greatly the strain of the 
direction of a laminating of the increased part making the direction dimension of a laminating small, if 
it puts in another way, since the direction dimension of a laminating of a part without an intersystole 
layer of electrostrictive ceramics 2 will increase, if it is the case where the direction dimension of ** 
permission laminating is pressed down. 

[0015] Hereafter, supplementary information is carried out about the above-mentioned configuration 
from the contents which these artificers examined. First, production of a laminating mold 
electrostrictive actuator is explained. To the powder of the ceramic material for piezo-electricity which 
uses PZT as a principal component, as a drainage system binder, polycarboxylic acid ammonium salt 
is added to butyl methacrylate and a dispersant, and a green sheet adds isopropanal 
BIRUARUKORU and pure water respectively to a solvent, and is mixed, This slurry was produced in 
the sheet configuration with a thickness of 200 micrometers on the carrier film with the doctor blade 
method. 

[0016] On the other hand, Internal electrode paste, It produced with the loadings (presentation) which 
consist of combination of Table 1 and 2 which carries out cited below. That is, the internal electrode 
paste was produced from the powder of the silver-palladium alloy in the range of silver 20-80 (% of 
the weight) and palladium 80-20 (% of the weight). Furthermore, the powder of the silver-palladium 
alloy in the range of silver 20-80 (% of the weight) and palladium 80-20 (% of the weight) and the 
powder of the ceramic material for piezo-electricity in the range of 2-16 (% of the weight) were mixed 
with the vehicle which contains an organic binder and an organic solvent separately, both were fully 
kneaded after that, and internal electrode paste was produced. Furthermore, internal electrode paste 
was produced on the same conditions as the conditions of the paste of alloy powder using the silver 
dust end of 20-60 (% of the weight), and the palladium powder of 80-40 (% of the weight). 
[0017] And on the surface of the green sheet, the above-mentioned internal electrode paste was 
printed by 10 micrometers in thickness, and the internal electrode was formed. Furthermore, the 
laminating of every five green sheets which turn upward the field where the internal electrode was 
printed, and carry out the laminating of the 200 sheets of a green sheet, and do not print internal 
electrode paste at the maximum upper limit section and the lowest edge was carried out respectively, 
only the part was formed thickly and the pressurization press was carried out on the temperature of 
130 degrees C, pressure 10MPa, and the conditions for 5 minutes. And after carrying out debinder 
processing, at 1200 degrees C, it held for 2 hours, it sintered, and the layered product which consists 
of a piezo-electric ceramic 2 and an internal electrode 3 was produced. At the end, this good layered 
product was cut in the magnitude of arbitration, the pre-insulation object 4 was formed in two side 
faces in which a pair faces among four side faces which the internal electrode 3 exposed, by turns for 
every phase of an internal electrode 3, and the external electrode 5 was further formed from on those 
both-sides sides. And lead wire 6 was connected to the external electrode 5 of a both-sides side with 
solder 7, sheathing of the four side faces except a vertical side was carried out by sheathing resin, 
and the piezoelectric device 1 of a configuration as shown in drawing 1 was completed. 
[0018] Next, the productivity and product reliability of a piezoelectric device which were examined 
from points, such as elution of**** palladium and the dissolution of a paste, are explained. Table 1 is 
adjusted and shown about various test articles and the examination result of those. 
[0019] 
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[0020] It sets to Table 1 , By the visual inspection of the layered product after debinder processing, it 
is the silver dust end of 20-60 (% of the weight). All the test articles of the mixed powder which 
consists of palladium powder of 80-40 (% of the weight) were rejected x marks. Moreover, when the 
loadings of palladium exceeded 50 (% of the weight) from the visual inspection of the layered product 
after sintering, the front face of a layered product showed that the effluent which consists of **** 
palladium oozed out. And when the loadings of palladium became under 30 (% of the weight), it also 
turned out that a paste dissolves. On the other hand, all of the test article of other combination 
combination were O marks of success. It became clear that holding down the loadings of palladium to 
the range of 30-50 (% of the weight) raised the productivity and product reliability of a laminating mold 
electrostrictive actuator from these examination results. 

[0021] Next, prevention of exfoliation with electrostrictive ceramics 2 and an internal electrode 3 etc. 
is explained. Drawin g 2 is drawing showing the temperature-contraction property of the internal 
electrode material of the laminating mold electrostrictive actuator of this example, and the ceramic 
material for piezo-electricity. Hereafter, the ceramic material for piezo-electricity is expressed also as 
PZT. "Silver 50:palladium 50 alloy (% of the weight) and PZT 2-16 (% of the weight)" (continuous-line 
display) according [ on drawing and ] to this invention, Each sintering contraction curve of "a silver 
50:palladium 50 alloy (% of the weight)" (alternate long and short dash line display) is shown. 
Moreover, the sintering contraction curve (broken-line display) of the ceramic material (PZT) for 
piezo-electricity is written together. 

[0022] as [ show / in drawing 2 ] "silver 50:palladium 50 alloy (% of the weight)" - comparing - 
especially - "silver 50:palladium 50 (% of the weight) and PZT 2-16 (% of the weight)" from - the 
becoming internal electrode material Contraction near [ which is the sintering temperature of the 
ceramic material for piezo-electricity ] 1200 (degree C) approaches with 20% of contraction of "PZT." 



"silver 50 as a internal electrode: It turns out that the contraction difference of the internal electrode 
material and the ceramic material for piezo-electricity as a green sheet which consist of palladium 50 
(% of the weight), PZT2 - 16(% of the weight)" is shortened. When the internal electrode which added 
the ceramic material for piezo-electricity from this result was adopted, in the repeat use under the 
severe environment of debinder processing, or not only a sintering process but heat-and-high- 
humidity strong vibration, it turned out that it becomes possible to avoid exfoliation, a crack, etc. in 
addition - although the illustration abbreviation was carried out - "silver 60-70:palladium 40-30 (% of 
the weight) and PZT 2-16 (% of the weight)" Most sintering contraction curves of internal electrode 
material were the same as the illustrated sintering contraction curve of "silver 50:palladium 50 (% of 
the weight) and PZT 2-16 (% of the weight)." 

[0023] Next, evaluation examination of the appearance of the layered product in the middle of 
manufacture and the responsibility of a finished product is explained. Table 2 is adjusted and shown 
about various test articles and the examination result of those. 
[0024] 
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[0025] First, the combination loadings (presentation) of the test article in Table 2 are explained. The 
test article of the 1st group is the presentation which added the ceramic material for piezo-electricity 
which is in the silver palladium alloy in the range of silver 40-20(% of the weight):60-80 (% of the 
weight) in the range of 2-16 (% of the weight). The 2nd group is the presentation which added the 
ceramic material for piezo-electricity which is in the silver palladium alloy of silver 50 (% of the 
weight):50 (% of the weight) in the range of 2-16 (% of the weight). The 3rd group is the presentation 
which added the ceramic material for piezo-electricity which is in the silver palladium alloy of silver 60 
(% of the weight):40 (% of the weight) in the range of 2-16 (% of the weight). The 4th group is the 
presentation which added the ceramic material for piezo-electricity which is in the silver palladium 
alloy of silver 70 (% of the weight):30 (% of the weight) in the range of 2-16 (% of the weight). And the 
test article of the 5th group is the presentation which added the ceramic material for piezo-electricity 
which is in the silver palladium alloy of silver 80 (% of the weight):20 (% of the weight) in the range of 
2-16 (% of the weight), in addition, the above-mentioned presentation - setting - silver palladium 
alloy + piezo-electricity ceramic material - it is =100 (% of the weight), and is =(total amount 
containing piezo-electric ceramic material / silver-palladium alloy)2-16 (% of the weight). 
[0026] Next, visual inspection of the layered product after sintering with debinder processing was 
carried out by viewing. Consequently, as shown in Table 2, all the test articles of the 1st group were 
rejected x marks. It was because the effluent which consists of **** palladium cannot ooze out on the 
front face of the layered product after sintering and this cause cannot be produced as an electrode on 
it, if the loadings of palladium exceed 50 (% of the weight). Moreover, all the test articles of the 5th 
group were also x marks. It was because sintering temperature of 1200 degrees C of a ceramic 
cannot become beyond the solid phase temperature of the internal electrode paste of a test article, 
this paste cannot dissolve and a cause cannot be produced as an electrode, if the loadings of 
palladium become under 30 (% of the weight). On the other hand, it was O mark of success, and not 
all the test articles of the 2-4th groups had a crack, exfoliation, and deformation, and also had neither 
the elution of **** palladium, nor the dissolution of a paste, and were good. <BR> [0027] Next, the 



evaluation result of responsibility is explained. It measured about the speed of response to the 
completed piezoelectric device using the mold optical-fiber method non-contact displacement gage 
corresponding to high frequency. First, it was improper to have completed as a piezoelectric device in 
the test article of the 1 st group and the 5th group, and it was improper (- mark display) in evaluation. 
And it is in the test article of the 2-4th groups, and what, as for the thing of 16% of the weight (amount 
exceeding 12 % of the weight) of loadings, the electric resistance of an internal electrode becomes 
[ the amount of the ceramic material for piezo-electricity ] large, and the responsibility as a laminating 
mold electrostrictive actuator worsens (x mark display) became clear. 

[0028] If it is the configuration of having added the ceramic material for piezo-electricity to the silver 
palladium alloy which the internal electrode 3 mentioned above from the above examination, the 
contraction property of an internal electrode 3 and the piezo-electric ceramic 2 approaches, 
exfoliation etc. is avoided, the resistance of an internal electrode 3 will be moderate and the 
laminating mold electrostrictive actuator to which the responsibility as a piezoelectric device 1 is also 
secured will be offered. That is, responsibility cannot be affected, but bond strength with ceramic 
material can be enlarged, it can be equal also to the repetition use under a severe environment, and 
the laminating mold electrostrictive actuator with which the engine performance and dependability are 
compatible can be offered. 
[0029] 

[Effect of the Invention] According to this invention, the palladium loadings of a silver-palladium alloy 
are clarified, there is neither elution of**** palladium nor the dissolution of an internal electrode paste, 
and a laminating mold electrostrictive actuator with high productivity and product reliability is offered. 
Moreover, the laminating mold electrostrictive actuator the strain property excelled [ electrostrictive 
actuator ] in dependability well is obtained by adopting as the silver palladium alloy of silver 50 - 70(% 
of the weight)-palladium 50-30 (% of the weight) the internal electrode produced from the paste which 
added the ceramic material for piezo-electricity of 2-12 (% of the weight). 



[Translation done.] 



